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rUOKT TL37S CT MODIFICATIONS TO IKTROVE 

THL AILEÜCV CCNTnOL CKAIlACTiJUSTICR 

Of A HORTH AiXUXCAH X?-&1 AIRPUIE 

(A.C. DC. 41-38) 

By y. D. 7r-.lt« and Herbert 11. Hoover 

wmi 
In  an  attempt   to Improve  the  aileron  control  cheractar- 

iff.-«  of  tha  XP-61   airplane,  the  deflection  range «as 

Increased fL> percent  to Increase the effectiveness  and tha 

original concave section «as changed to • thick «action 

•lth beveled trailing edge to provide increased eerodynartc 

balance. 
The effects of  the nodlfIcatlona a«r« d«t«mln«d In 

flight  by near.»  of KACA  recording Instruments,  the data 

obtained relr.r In suitable fore for direct cer-arlaon «rlth 

•e for the original aileron«  (reference 1)« 

The results  sho« that  the «odlfled ailerons produced 

a value or    pb/tV    of about 0.084 with full «tick daflaetla 

This  valu«  represents  an Increase In effectiveness over 

the original aileron Installation of about 70 percent  at 

Ice  speed and about  So percent  at high speeds. 
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At high epeeda, the r«te of roll for • 3f-pound stick 

- waa increased by about N percent. 

Additional testa of th« Modified allerona at diving 

speeds are considered desirable to Investigate possible 

effects of eeapresslblllty but should be amde vlth new 

ailerons of lighter construction than those used In the 

rr»smt tests. 

The effect of the aileron aodlfleatlon on the elrrlane 

drag la new being investigated. 

V 

13WC1H CTTO» 

Previous tests -f a Rorth Anericen XP-51 airplane 

(A.C. So. «1-3B} conducted by tha RACA at Langley »lell had 

'.nil -a.au the desirability of improving »he aileron control 

characteristics (reference 1). 

At the request cf the Araqr Air Forces, the RACA under- 

took to laprove the allerer.- so as to obtain greater effec- 

tiveness without Increasing the stlek foreea. This report 

presents the results of teats f the rodlflcd allerona in 

which Increased effectiveness wea obtained by lnereealnj the 

deflection range and laprevea balancing waa achieved by 

•edifying the aller-n profile. 

AIL0CI «Ct2r:CATI0«S 

The aileron systea or the XP-^i airplane was Modified 

In two respects slsadt—eoualy. 
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Pint,  th« «Heron tr«*»l »m Inereaaed from th« previous 

of *io° to a range of 17.S<° up an« 16.5° down on tha 

l*ft alleren «rd 16.i° up end 17.5° down en the right nil«ron. 

Th» eontrcl 1't.keg* was alter,.* so thrt the «tick amv«n»nt 

remained substantially unchanged. 

The other «edification waa a ehenge In aileron aeetlon 

fro« the original slightly concave surfte«« to a bevel«d 

trailIng-edge ecnto'J (riet. 1 and ?).    In figure ft,  the 

ordlnetee for the modified aaotlen er« tabulated.    Inter- 

mediate a«etlona war« determined by connect Inn corresponding 

cho.dwla« atatlona with str«lght Hnea. 

Th« aodlfled allarona war« eonstructed by festen in« 

:/?-lr.-h wid« mahogany ribs to th« eurfaoe or the original 

e'le~ona «t «»oh rib station.    A slngl« aluminum she«t was 

then bant »round the rlba, faaten«d to then with wood 

»craws, «ad riveted to UM original »urraoe along the 

landing edge. 

TtfTS, ftmVTT•, AKD EISCU33ICH 

Th« prco«4ur« us>d in th« present tests w«a th« seat« 

•a that uaed to obtain th« results given In r«r«ren:* 1. 

Standerd KACA recording Instruaw.ts war« uaed to obtain 

record» «a th« pilot abruptly applied aileron control freai 

laterally level night at various airspeed* (rudder held 

fined at «ach trin position} 
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Tor evaluating the elleron effeotlvenese,  the helix 

angle,  !*/-*•",  In which p Is rolling velocity in radlane par 

••veal, b la fr«n In faet, and V la true airspeed in feat 

per aeecnl, has bean used ea  th« criterion (reference 3). 

The retulta obtained arc presented In figure 3. 

Pleura 3 ahova the var'atlon of control force and 

pr/?V with control surface deflection et varloua apeed» for 

the modified allurona.    By coaiparlaon with the resultj eb- 

telned fcr the original ailerons, vhleh are reproduced In 

figure *,  It will be Been that, for a given aurfeee defle:- 

t'.o:.,  the hinge amaanta are, on the average, reduced by 

-bout 5? percant of the original values. 

C"«pared on th« baa la or equal effectlveneaa or pb/TV 

for the nteh-epeed oondltlon, however,  the hinge acatnti 

»re reduce! by about 51 percent of the orlglnel value. 

This difference la due to » deoraaaa In effectlveneaa per 

ur.lt oontrol deriectlon or about IS percent auff«red with 

the ao^ried allerona In the 1 w angle-cf-attack range. 

The variation of pb/2V with control deflection reaalned 

oenatant at all apeeda teated for the Modified allerona. 

This  'a In entreat with rerulta obtained with the original 

ellaror.a which shewed a grerter pb/2V at high apeeda than at 

lew ap«eda frr a rtlver. deflection. 

In addition,  the loaa  "n »vnllable control deflection 

attributed to flexibility In the oontrol aystea with the 
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rtrvt,  the aileron tre*-l vu laereaaed fro« the prcvioua 

Mac* of *10° to a renaco of IT.5* up «ad 16.5° down on the 

left alleren ard 16.^°  ip Mid 17.5° down ca the right aileron. 

The eoatrcl l'Urege wea ultwif io thet the »tie* aovea»nt 

remained aube teat tally unchanged. 

The othtr modification waa a eheage la aileron aaetlea 

fron the criminal «lightly concave aurfacea to a beveled 

trelllng~ed«e contour (flea. 1 aad f),    la figure ?,  the 

srilnetee for the modified aeotloa are tabulated.    Inter- 

mediate aectloaa were dateralaed by eonaaotlag eornearoruüng 

ebor^vla« atatioaa «1th atr»ltf-.t llaaa. 

The aodiried allerona ««re constructed by faatenlng 

:/?-ir.3h wide aehcTany rlba to the surface of the orlglaal 

alleeona at e»oh rib atatloa.    A «ingle aluminum ah»«t vaa 

then beat »round the rlba, faateaed to thea vith wood 

•crew«, aad riveted to the original «urfaoe along the 

landing «dee. 

TUTS, »MOLTS,  AKD CI9C7SSIC« 

The procedure ua>d la the freier, t teata w*a the rntr» 

aa that uaed to obta'.n the reaulta given la referenc* 1. 

Stanford MCA recording lnatruaeata ware uaed to obtain 

reeorda aa the pilot abruptly applied alleren control from 

letarally level nicht et varloua alrapeeda (rudder held 

fixed at each trla petition} 
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origin» 1 «Herrn« appears to be leaa vith the Modified 

lllltl, 

Figur« 5 vae ocnatruoteu fro« the data of figure» 3 

•nd « to ahow the variation of pb/rv and roll lit« velocity 

indicated «lrapead. For coaparlaon, the alleren 

characteristics of th« P-»0 airplane ere included. 

Th« curve« ehovn represent th«. rolling reapona« for 

full stick deflection end for a 30-pound atlck force, 

th!a value be In« a reasonable upper Halt for pursuit 

airplanes. 

At indicated »lrspeeds up to about ?00 alles par hour 

full deflection of the stick gev« values of jb/~V of 0.08»j 

this value la about 70 peroent higher then equivalent veluea 

for th« original ellerona at low speeds and «bout f;5 percent 

higher »t high speeds. At speeds higher th»n ""00 alles per 

hour the stick fore« llaltatlon results In a deereaae In 

veluea of pb/?V ao that et the hlgheat teat apeed the lar- 

provaaant la effectiveness i ver the original ellerona for 

a 30-pound stick fore« la 'bout 20 percent. A ooaperlacn 

of foroes and reeoonse for full stick deflection at high 

speeds Indicates a usable additional effectiveness e.valinbl» 

«1th the Modified aileron« if l»rger force» could be toler- 

ated! for the original ellerona, on the other hand, full 

control «aa restricted largely by deflection. 
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A« • rest-It of thla laonveaer.t UM.- P Heran ehtimc- 

terlatlr» of the Airplane a»e nearly auTriolent to a»et the 

roqulr—wnt suggested In r*."«.'mo* ?;  thet la, that a vnlue 

or pbA"Y oT O.OT b«  obtelnec: at 0.8 or the aaxlsnia ln41«ud 

lee»l-night airspeed with a atlek roroe or *C pounda.    The 

tor«* required excoeds thia •useunt by about 6 pounda. 

The original teat* oT I M aodltted sllercns were a»Je 

«lth tufts on the urrer aurfece or the entire vine.    To 

determine whether the balem*    haractertetlos or the «ndltted 

allcrone were sensitive te o!u<r.|re* or boundar^-la/er chnr- 

ecterlstlRs.  the terte w»re repeated Tor the follovlng vlnj— 

aurraee eondltlonat 

1.    Clean wing - "iTta rwowed. 

9,    Strip locate* iranwlse along ur;per and lower 
aurraers   •    v ng *he»d at the allarona et 
10-percent wing ehord to produce transition 
In the boundary lajer.    atrip dtmensloi 
were 0.013 men hlnh ty J/» inch vld#>. 

3. Strip located anarvlee on upper »nd lover 
aurraee or ailerons at beginning or bewel 
to slaulete lap Joint In the covering. 
Strip dlajeaelone were 0.01 Inch high by 
1  Inch vide. 

•one or these •odirieatlone tested Independently had 

any —aswblo eTTeet on th- «Heron oh*raeterlstlee. 

It Is antic 1»:*d that the sjod'riel «Herons way h»ve 

sonw efTeet on th« ving drag.    T-sts to det»r«tne the «ngnl— 

tud* or the erreet are under way. 
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It should be noted tee thet, aa shown in figure 1(b), 

• fairly large gap existed between tha aileron »n-i tha vir.a. 

Oapubllsl.rd wind-tunnel det» indicate that a gap la con- 

ducive of overbalancing ef the ailerons «•. low deflection». 

to  evidence of this effect was observed in eny of the 

results for the oruls.ng cond.'t.onj a alight evidence of 

overbalance ve« noted la the data for the original ailerons 

In the landing condition, but tha amcunt was so aas.ll aa 

%» be ots cured by friction end «aa not observed by the 

illot. 

COKCL8DXV0 REMARKS 

The results presented In the foregoing report indicate 

that within the Halts tested, beveled trailing edgea offer 

en effective net is for reducing aileron control fores. 

Although the aodiried version of the Xr-51 ailerons tested 

did not quite fulfill suggested requirements, the iaprove- 

aont in aileron ccnt.-ol achieved «as very narked, pertleu- 

1-rly at low speeds end 'n the u«-»l aanevvering range. 

The neeeealty for alteaptlng further reduction of the 

hinge Boaente is sons what questionable since the deficiency 

in aileron frf  mac as is so slight. It is possible 

that increased bluntness of the trailing sdge could be 

eagloyed to further lighten the ailerons, if dealred, 

but the possibility of overbalance at saall deflections 
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lnoloataa tha neeaaa't- far eantlon In applying auoh a 

•rdirirattun.    tha poealblMty if enoountaring trouble 

*t wary *»'•* apaada *l£ht also be greater If th» bluntneaa 

were 't^cr^^eed. 

Teit* at wary hl^t epeatfe vera not attempted in the 

praeant e»»o beceuae or doubt »bout thr tfMt the lnereaaad 

vrlght of the «Hero:» nlrht have on tha erltloal flatter 

epeed and l»ck of kiwled.-» of tit* etrength of the aileron» 

and wing aa regard» abrupt »Heron defleotiona at high aprrda. 

Sine« ther«> appears tob« • possibility of aoaw crltlcel 

«hange la flow over tha beveled trailing edges at hl^h apeeda, 

teat« at hl&n speeds should ba BAG« with ailerons of noraal 

«eight. 

Tr.e possibility V<at tha beveled trailing edges Increase 

tha wing drag by an arrr«c:«ble mount nuat alao b« birne in 

Pli^J.t tests arr nov belnc amda to determine tha 

slvoa of thl« affect. 

f*ngl"> Ma-!-ri»t «rr^p.—itlcal laboratory, 
Satte   .1 k'f.torr I . -.or Aeronautics, 

14, «a., Ju.e W>. 19*  . 
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1*.-   End v;»w of beveled trailing-edfre aileron showing modified 
rlelnal section contours sad method of construction. 

Figure lb-   View of riebt aileron from IMMIIIMI sod above showlnc tap 
between aileron and main part of wing. 



V-f la-   Knd view of beveled trailing-edge aileron showing modified 
»:.!   ri»-'..-j»l section contours and method of construction. 

' riefet alleren 'r. rr. behind sad above a.V. win? i-a; 
•-•*»*:. »:>r r. ar.J rr.alr. part of wieg. 
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